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(54) Patient monitoring system having two-way communication 



(57) A patient monitoring system (10) comprising a 
central station (1 4) for analyzing (1 8) and displaying (22) 
patient data; a system receiver (42) connected to the 
central station; and an antenna array (54) connected to 
the system receiver and including a plurality of antennae 



(72), each having connected thereto a respective trans- 
mitter (66). A portable telemetry monitor (98) is connect- 
ed to the patient, and includes a transmitter (102) and 
receiver (142) for communicating with the central station 
via the antenna array. 
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Description 

[0001] The invention relates to patient monitoring sys- 
tems and particularly to patient monitoring systems that 
allow the patient to ambulate through the care unit of a 
clinical facility. 

[0002] Most patient monitoring systems that allow a 
patient to ambulate through a care unit in a clinical fa- 
cility use telemetry-based communication schemes. In 
its most common form, a patient wears a telemetry 
transmitter attached to the patient using common ECG 
electrodes. The telemetry transmitter acquires an ECG 
signal, conducts a nominal amount of filtering on the 
ECG signal, and transmits the ECG signal to an antenna 
array, typically located in the ceiling of the care unit. The 
ECG signal is conducted through the antenna array to 
a telemetry receiver, which in turn, is connected to a cen- 
tral station that analyzes and displays the ECG informa- 
tion for viewing and evaluation by the clinicians staffing 
the care units. 

[0003] However, it is frequently desirable to be able 
to quickly bcate the patient in a care unit if circumstanc- 
es indicate that there is a problem with the patient. In 
other cases, it is desirable to be able to send data back 
from the central station to the telemetry transmitter. 
[0004] Accordingly, the invention provides a teleme- 
try-based patient monitoring system that allows the cli- 
nician to determine the location of the telemetry trans- 
mitter, and that allows the clinician to send data from the 
central station to the telemetry transmitter. 
[0005] More specifically, the invention includes a port- 
able telemetry transmitter. The telemetry transmitter is 
connected to the patient to receive physiological signals 
from the patient and transmit those signals to the anten- 
na array. The telemetry transmitter incudes an RF re- 
ceiver. 

[0006] The invention also provides a patient monitor- 
ing system including a central station for analyzing and 
displaying the physiological signals. The patient moni- 
toring system further includes a receiver subsystem 
connected to the central station and an antenna array 
connected to the receiver subsystem. The antenna ar- 
ray includes a plurality of antennae each connected to 
an RF amplifier and supporting circuitry. Each antenna 
also has connected thereto a respective transmitter. In 
one form of the invention, each antenna includes a print- 
ed circuit board and the transmitter is mounted on the 
printed circuit board with the antenna circuitry, i.e., the 
RF amplifier and supporting circuitry. In another form of 
the invention, the transmitter is a discrete component 
that can be connected to the antenna after the system 
has already been installed in the care facility in order to 
"retro-fit" the patient monitoring system. 
[0007] Each antenna is given a discrete address, the 
location of which is programmed into the central station. 
The antenna uses the antenna transmitter to transmit 
the address as a low power beacon. When the beacon 
is received by the telemetry transmitter, the telemetry 



transmitter combines the physiological data with the ad- 
dress and transmits the combined data signal to the re- 
ceiver subsystem via the antenna array. From the re- 
ceiver subsystem, the data is sent to the central station 
s to be processed and displayed as required by the clini- 
cians. 

[0008] The receiver subsystem also allows communi- 
cation from the central station to the transmitter associ- 
ated with each antenna. Most commonly, the data will 
'0 be in the form of voice communications, and will be 
transmitted to the telemetry transmitter and output from 
the transmitter on a speaker so that the communication 
is audible to the patient or to the clinician caring for the 
patient. 

is [0009] In still another form of the invention, each te- 
lemetry transmitter includes a microphone for receiving 
voice data and transmitting the voice data back to the 
central station. 

[0010] A principal advantage of the invention is to pro- 
vide a telemetry-based patient monitoring system that 
allows for complete two-way communication of both 
voice and physiological data, and that allows the clini- 
cian to accurately detect the location of the telemetry 
transmitter. 

[0011] It is another advantage of the invention to pro- 
vide away of retro-fitting existing telemetry-based pa- 
tient monitoring systems with a transmitter at each an- 
tenna in the antenna array to thereby allow for complete 
two-way communication of voice and physiological da- 
ta, and allow the clinician to accurately determine the 
location of the telemetry transmitter. 
[0012] Other features and advantages of the inven- 
tion are set forth in the following detailed description with 
reference to the accompanying drawings, in which: 
[0013] Fig. 1 is a block diagram of the patient moni- 
toring system embodying the invention. 
[0014] Fig. 2 is a schematic of the antenna transmitter 
subsystem. 

[0015] Fig. 3 is a schematic illustration of the portable 
telemetry unit receiver subsystem. 
[0016] Shown in Fig. 1 of the drawings is a block dia- 
gram of a telemetry-based patient monitoring system 1 0 
embodying the invention. As is commonly known in the 
art, the patient monitoring system 1 0 includes a central 
station 1 4. The central station 14 typically has a CPU or 
central processing unit 18, which, in its most common 
form is a computer. The central station 14 also includes 
a display or display units 22 connected to the CPU 18. 
The display 22 typically shows patient waveforms and 
other patient data. 

[0017] The central station 14 also includes various 
means for the clinician to interact with the CPU 18. As 
shown in the drawing, these means include a keyboard 
•26 for entering information relating to the patient, a 
mouse 30 for controlling CPU operations, a speaker 34 
for generating audible alarms, data or other audible in- 
formation, and a microphone 38 for receiving audio in- 
formation and transmitting that information in electronic 
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form to the CPU 18. 

[001 8] The central station 1 4 is connected to a receiv- 
er subsystem 42. The receiver subsystem 42 includes 
a single input/output (I/O) port 46 connected to the cen- 
tral station 1 4, and a series of I/O ports 50 connected to 
a plurality of antennae 54 spaced about the care unit to 
form an antenna array connected to the receiver sub- 
system 42. While the number of antennae 54 may vary 
in any particular situation, the antennae 54 are all iden- 
tical and accordingly only the single antenna 54 shown 
in Fig. 1 will be described. 

[0019] The antenna 54 includes a control circuit 58 
coupled with a radio frequency (RF) amplifier. A com- 
mon RF antenna 62 is connected to the control circuit 
and RF amplifier 58 so that incoming radio frequency 
signals are picked up by the RF antenna 62, and are 
transmitted to the control circuit and RF amplifier 58 
where they are filtered, amplified and sent to the receiv- 
er subsystem 42. 

[0020] The antenna 54 also includes an antenna 
transmitter circuit 66 connected to the control circuit and 
RF amplifier 58. The antenna transmitter circuit 66 gen- 
erates a low power RF carrier signal 70 (represented as 
a phantom line in Fig. 1 ). Fig. 2 illustrates a schematic 
diagram of the antenna transmitter circuit 66. As shown 
in Fig. 2, the antenna transmitter circuit includes an 
EPROM-based 8-bit CMOS microcontroller 68 (Micro- 
chip Technology, Inc. Part No. PIC16C62X) connected 
to an RF antenna 72 through an inverting buffer 78 and 
a transmitter 82. While any appropriate transmitter can 
be used, the transmitter 82 prototyped for the preferred 
embodiment is a 303.825 megahertz hybrid transmitter 
(Model No. HX1006 produced by RF Monolithics, Inc.) 
As shown in Fig. 2, the antenna transmitter circuit 66 
also includes an oscillator 86, and various support cir- 
cuitry, as well as power connections 90 and common 
connections 94 as those of skill in the art understand 
are required for operating the antenna transmitter circuit 
66. 

[0021] Referring again to Fig. 1 , the telemetry-based 
patient monitoring system 10 also includes a portable 
telemetry monitor 98. In use, the portable telemetry 
monitor 98 is connected to the patient (not shown) via 
ECG leads (also not shown) or through a patient con- 
nection suitable for measuring other patient parameters. 
Once connected to the patient, the patient is free to am- 
bulate throughout the care unit as desired or able. As is 
commonly known in the art, the portable telemetry mon- 
itor 98 includes a transmitter sub-circuit 102 connected 
to a transmitting antenna 106. The transmitter sub-cir- 
cuit 1 02 generates a RF carrier signal 1 1 0 (represented 
as a phantom line in Fig. 1 ) for transmitting patient and 
other data to the antenna array. 
[0022] The portable telemetry monitor 98 also in- 
cludes a receiver sub-circuit 114 connected to a receiv- 
ing antenna 1 1 8, a speaker 1 22, and a microphone 1 26. 
Fig. 3 illustrates in greater detail a schematic illustration 
of the receiver sub-circuit 114. As shown in Fig. 3, the 



receiver sub-circuit 114 includes an RF receiver 130 
connected to antenna 118. While any appropriate RF 
receiver can be used, the RF receiver 1 30 prototyped 
in the preferred embodiment is a 303.825 megahertz 

5 amplifier-sequenced hybrid receiver (Model No. 
RX1 120, manufactured by RF Monolithics, Inc.). The re- 
ceiver sub-circuit 114 also includes support circuitry, 
power inputs 134 and common connections 138 as 
those of skill in the art understand are required for op- 

10 erating the receiver sub-circuit 114. The receiver sub- 
circuit 114 also includes an microprocessor input 142 
connected to the microprocessor (not shown) of the 
portable telemetry unit. The microprocessor is respon- 
sible for receiving all physiological data and other in- 

15 coming signals and routing them to the transmitter sub- 
circuit. 102. Inverting buffer 144 is connected between 
microprocessor input 142 and RF receiver 130. 
[0023] In operation, the antenna transmitter circuit 66 
generally functions in a default or beacon mode. In this 

20 mode, the antenna transmitter circuit 66 generates an 
8-bit address and transmits (via the low power RF carrier 
70) the 8-bit address. In the lower power beacon mode, 
the carrier 70 is capable of being received by the port- 
able telemetry monitor 98 at a range of approximately 

25 ten to twenty feet from the RF antenna 62. While the 
range of the low power beacon mode may vary, it is im- 
portant that the range be sufficiently limited so as not to 
overlap with the low power beacon mode transmission 
of another antenna transmitter. The location of the RF 

30 antenna 62 is programmed into the central station 1 4 at 
the time of installation using the 8-bit address. In the 
preferred embodiment, the 8-bit address is retransmit- 
ted every 500 milliseconds and represents approxi- 
mately five percent of the total available broadcast time 

35 of the antenna transmitter. The remaining 95 percent of 
the antenna transmitter broadcast time is kept available 
to be used for data communication. 
[0024] The receiver sub-circuit 1 1 4 in the portable te- 
lemetry monitor 98 picks up the 8-bit sequence and 

40 combines the 8-bit sequence with the physiological pa- 
tient data acquired by the portable telemetry monitor 98. 
The transmitter sub-circuit 1 02 in the portable telemetry 
monitor 98 then broadcasts the combined 8-bit address 
and physiological data signal back to the antenna array 

45 via the RF carrier signal 110. The signals at the various 
antennae 54 are then transmitted to the receiver sub- 
system 42 and from there, to the central station 14 for 
processing and subsequent display. 
[0025] In the event that data communication is de- 

50 sired, i.e., that the clinician wishes to send information 
from the central station 14 to the portable telemetry 
monitor 98, the antenna transmitter circuit 66 switches 
into a communication mode. In this operational mode, 
a digital signal is encoded by the central- station 14 and 

55 routed to all of the antennae 54 in the antenna array, 
where it is transmitted via the antenna transmitter 66 to 
the receiver sub-circuit 114 in the portable telemetry 
monitor 98. The information contained in this data can 
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be either digital voice communication or system com- 
mand data. The data is sent with a header address that 
is unique to each individual portable telemetry monitor 
98. In this way, only the portable telemetry monitor 98 
that is intended to receive the information will process 
and respond to the information. 



Claims 

1 . A patient monitoring system comprising: 

a central station for analyzing and displaying 
patient data; 

a system receiver connected to the central sta- 
tion; and 

an antenna array connected to the system re- 
ceiver and including a plurality of antennae, 
each having connected thereto a respective 
transmitter. 

2. A patient monitoring system as set forth in claim 1 
and further comprising a portable patient monitor in- 
cluding a transmitter for transmitting data to the sys- 
tem receiver, and a receiver for receiving data from 
the respective transmitters. 

3. A patient monitoring system comprising: 

a portable transmitter connected to the patient 
so as to receive physiological data from the pa- 
tient, the portable transmitter including a trans- 
mitter circuit for transmitting the physiological 
data and a receiver circuit connected to the 
transmitter circuit; 

at least one antenna for receiving the physio- 
logical data; 

a system receiver connected to the antenna; 
and 

an antenna transmitter connected to the anten- 
na. 

4. A patient monitoring system as set forth in claim 3, 
and further comprising a central station connected 
to the system receiver, and wherein the system re- 
ceiver transmits data from the antenna to the central 
station and transmits data from the central station 
to the antenna transmitter. 

5. A patient monitoring system as set forth in claim 2 
or claim 4 wherein the portable transmitter includes 
a microphone connected to the transmitter to allow 
the transmission of voice data from the patient to 



the central station, and a speaker connected to the 
receiver to allow the transmission of voice data from 
the central station to the patient. 

5 6. A patient monitoring system as set forth in claim 2 
or claim 4 wherein the, or each, transmitter gener- 
ates a location code unique to the respective anten- 
na, and wherein data transmitted from the telemetry 
unit is combined with the location code before being 

10 transmitted to the central station. 

7. A patient monitoring system as set forth in any one 
of claims 1 to 6 wherein the respective transmitters 
are telemetry transmitters. 

15 

8. A patient monitoring system as set forth in one of 
claims 1 to 7 wherein the, or each, antenna includes 
a circuit board and wherein the respective transmit- 
ter is mounted on the circuit board. 

20 

9. A patient monitoring system as set forth in any one 
of claims 1 to 8 wherein the, or each, antenna is a 
discrete component from the respective transmitter. 

25 1 o. A method of locating a portable patient monitor rel- 
ative to an antenna array in a patient monitoring 
system including a central station for analyzing and 
displaying patient data, an antenna array connect- 
ed to the central station and including a plurality of 

30 antennae, each having connected thereto a respec- * 
tive transmitter, and a portable patient monitoring 
for acquiring patient data and including a portable 
transmitter for transmitting data to the central sta- 
tion, and a receiver for receiving data from the re- 

35 spective transmitter; the method comprising the 
steps of. * 

generating an address specific to each respec- 
tive transmitter; 
40 transmitting the address using a low power car- 

rier signal so that a portable patient monitor in 
range of the respective transmitter will receive 
the address; 

combining the patient data and the address into 
^5 a second carrier signal; and 

transmitting the second carrier signal back to 
the respective antenna for transmission to the 
central station. 

so 11. A method as set forth in claim 10 wherein each an- 
tenna has a respective location, and wherein the 
method further comprises the act of programming 
the respective locations of the antenna into the cen- 
tral station. 

55 

12. A method as set forth in claim 10 and further com- 
prising the act of transmitting data from the central 
station to the antenna array. 
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1 3. A method as set forth in claim 1 2 wherein the act of 
transmitting data from the central station to the an- 
tenna array includes the act of transmitting a header 
address unique to each antenna. 

5 

14. A method as set forth in claim 12 wherein the data 
is a voice data. 
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